Recent studies suggest that micronutrients, especially folate, calcium, iron, and antioxidant vitamins, affect the risk of colorectal neoplasia. The objective of this case-control study was to examine the association between these micronutrients and the risk of colorectal adenomas. The study was based on 236 cases with adenomatous polyps or cancer and 409 controls, all colonoscopy patients at University of North Carolina Hospitals between July 1988 and March 1991. After colonoscopy, subjects were interviewed using a semiquantitative food frequency questionnaire, and average daily nutrient intakes were calculated. Sex-speclflc odds ratios relative to the lowest quartile of intake for each micronutrient were determined using unconditional logistic regression while adjusting for a number of potential confounders. In women, folate, iron, and vitamin C were inversely related to the risk of adenomas. Folate appeared to be most protective, with women in the highest quartile only 40% as likely to develop adenomas compared with women in the lowest (odds ratio = 0.39, 95% confidence interval 0.15-1.01). In men, greater vitamin E and calcium intakes were associated with reduced risk of adenomas, with vitamin E showing the strongest inverse association. Men in the highest vitamin E quartile had a risk of 0.35 (95% confidence interval 0.14-0.92) relative to those in the lowest. These study results support previous research findings that selected micronutrients protect against colorectal neoplasia. E adenoma; antioxidants; colorectal neoplasms; diet; folic acid
colorectal cancer. The risk of colorectal adenomas appears to be influenced by a number of factors, including diet, smoking, physical activity, and genetics. Of these, diet in particular has been the focus of much research. Previous studies have found the risk of adenomas to increase with greater saturated fat (2) (3) (4) and meat (5, 6 ) intake but to decrease with greater fiber (2, 3) and vegetable (6, 7) intake.
More recently, micronutrients have attracted attention. Indeed, the protective effects seen in vegetables may be largely attributable to the fact that they are rich in various micronutrients. Recent epidemiologic studies suggest that folate, calcium, and antioxidants (8) (9) (10) are protective against cancer and/or polyps, whereas iron increases risk (11) . Folate may decrease risk of colorectal adenomas by acting as a methyl transfer factor, maintaining an adequate concentration of S-adenosylmethionine, the primary methyl donor in the body, and subsequently preventing hypomethyla-
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tion of DNA (10) . Alternatively, folate may promote the synthesis of thymidylate, which may prevent cells from being arrested in the S phase of the cellular growth cycle and erroneously incorporating uridylate into DNA during synthesis (12) . Calcium may decrease the risk of colorectal adenomas by reacting with ionized fatty acids and secondary bile acids in the colonic lumen, reducing their proliferative effects on the colonic mucosa (13) . Antioxidants, including carotene and vitamins A, C, and E, may decrease the risk by quenching free radicals and reducing oxidative damage to DNA (14) . Finally, iron may increase the risk of colorectal adenomas by generating free radicals that attack DNA and damage chromosomes (15) .
Despite the plausibility of the biologic mechanisms proposed to explain the effects of these micronutrients on the development of polyps and subsequently cancer, the results from previous work in this area have been inconsistent at best. This paper presents the results of a case-control study that examines the relation between these micronutrients and the risk of colorectal adenomas.
MATERIALS AND METHODS Study population
Subjects for this case-control study were recruited from all patients undergoing a colonoscopy at the University of North Carolina Hospitals between July 1, 1988 , and March 1, 1991. Each potential study participant was given a brochure that described the study in general terms but did not indicate the topic of investigation or the hypothesis. Colonoscopists were instructed to perform biopsy on or to remove any polyp, defined as any raised lesion. After each colonoscopy, physicians also recorded information on demographic factors, indications for the procedure, eligibility criteria, and size, shape, color, and location of any polyps. Pathology and colonoscopy reports were reviewed to confirm that all polyps had been recorded on the study forms.
Patients were excluded from the study for any of the following: 1) age less than 30 years, 2) polyposis (defined as >100 polyps), 3) any type of colitis, 4) previous colon resection, 5) previous colon cancer, 6 ) unsatisfactory colon preparation, 7) incomplete examination (cecum not reached), or 8) previous adenoma.
Data collection
Slides from each polyp were reviewed by the study pathologist and classified as adenomatous (tubular, tubulovillous, or villous) or nonadenomatous according to standard criteria (16) . Polyps with mixed histology (e.g., hyperplastic and adenomatous elements) were classified as adenomas. Cases were patients with one or more adenomatous colon and/or rectal polyps or cancer, and controls were those without adenomatous polyps or with hyperplastic polyps only. Patients with cancer (n = 27) were included as cases even if the cancer obstructed the colon and prevented passage of the colonoscope to the cecum. Diagnoses of colorectal cancer were validated using computerized files from the hospital tumor registry.
After colonoscopy, eligible patients were interviewed over the telephone by a trained nutritionist who was blinded to the status of the patients as cases or controls. Information on dietary intake was collected using the Health Habits and History Questionnaire, a semiquantitative food frequency questionnaire developed at the National Cancer Institute (17) . The reliability and validity of the questionnaire have been assessed in various populations (18) (19) (20) . Subjects were questioned about their intake of more than 100 foods believed to contribute importantly to the intake of calories and 17 macro-and micronutrients in the national diet (21, 22) . For each food item, subjects were asked to estimate the frequency of intake over the previous year and to estimate whether their usual portion size was small, medium, or large. Subjects were also questioned on their use of any multi-or single vitamin or mineral supplements. Average nutrient intakes per day were calculated using the Dietary Analysis System developed for use with the Health Habits and History Questionnaire and were based on portion size, nutrient content, and frequency of consumption of each food.
Data analysis
Intakes of several micronutrients were stratified by sex and categorized into quartiles, and unadjusted odds ratios were obtained relating each of these micronutrients to the presence or absence of adenomatous polyps. The micronutrients we examined in crude analysis were calcium, iron, phosphorous, thiamin, riboflavin, niacin, folate, retinol, individual carotenoids, and vitamins A, C, and E. Only those micronutrients that appeared to be possibly related to casecontrol status were further examined in multivariate analysis; these were calcium, iron, folate, and vitamins A, C, and E. We also examined these six micronutrients obtained only from dietary sources by excluding regular supplement users. Crude odds ratios for total micronutrient intake showed stronger associations and more consistent trends than those from diet only; therefore, we present results for micronutrients obtained from both diet and supplements.
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Data analysis
Intakes of several micronutrients were stratified by sex and categorized into quartiles, and unadjusted odds ratios were obtained relating each of these mi cronutrients to the presence or absence of adenoma tous polyps. The micronutrients we examined in crude analysis were calcium, iron, phosphorous, thiamin, riboflavin, niacin, folate, retinol, individual carote noids, and vitamins A, C, and E. Only those micronu trients that appeared to be possibly related to case control status were further examined in multivariate analysis; these were calcium, iron, folate, and vitamins A, C, and E. We also examined these six micronutri ents obtained only from dietary sources by excluding regular supplement users. Crude odds ratios for total micronutrient intake showed stronger associations and more consistent trends than those from diet only; therefore, we present results for micronutrients ob tained from both diet and supplements.
Unconditional multivariate logistic regression mod els were used to obtain maximum likelihood estimates and 95 percent confidence intervals for measures of association relating case-control status and various levels of exposures while controlling for the potentially confounding effects of age, body mass index, calories, current smoking status, regular use of vitamin supplements, family history of colon cancer, fat intake, fiber intake, and total calories from alcohol. Fat, fiber, and total calories from alcohol were adjusted for total caloric intake using the linear regression techniques of Willett and Stampfer (23) and then were categorized into quartiles. Models were examined separately for the two sexes because the ranges of nutrient intake were quite different for men and women.
A forward selection type of procedure for the micronutrient variables was used to identify sex-specific models relating micronutrient intake to case-control status. First, a model was fit for each micronutrient, including only one micronutrient in the model along with the risk factors listed above. Next, to focus on the nutrient with the strongest association in the highest quartile, we selected for inclusion in the final model the micronutrient with the most significant association for the highest quartile of intake compared with the lowest for each sex. Models with two micronutrients were then examined to determine whether a second micronutrient should be added to the model. As there were no significant associations for any of the remaining micronutrients when they were added to the model in the second stage for either sex, the model-building process ended at this point. However, to assess the extent to which the first micronutrient in the model could be confounded by a second, we examined the odds ratios of the first micronutrient chosen for selection in each of the models when an additional micronutrient was added. The percentage change in the odds ratio for the micronutrient of interest gives an idea of the extent to which the first micronutrient is confounded by the second.
Tests for linear trend in the log odds ratio of quartiles of intake for each micronutrient were conducted by fitting a logistic model including the same risk factors listed above plus a variable representing the scaled median value for each quartile of micronutrient intake. We chose to include median values for each quartile rather than using the values 1.0, 2.0, 3.0, and 4.0 to represent each quartile. The latter method assumes equidistance between quartiles when intake amounts may actually be quite different between consecutive quartiles. The median values were scaled by dividing by the median for the lowest quartile so that the lowest quartile value would equal 1.0.
After the final models had been determined, a model that included both sexes as well as interaction terms by sex was fit; because similar results were obtained, only results from the sex-specific models are presented. Other nutrient interactions were modeled by dichotomizing nutrient intakes at the median and including an interaction term in the model with other risk factors. Because there were too few cases with only rectal adenomas (n = 28) to compare results for colon and rectal adenomas separately, results are presented for all cases combined. However, excluding cases with rectal adenomas only did not substantially alter estimates. The association between adenoma risk and vitamin supplementation in general (yes/no) was also examined based on subjects' responses to whether they took supplements regularly, and we included this information in a multivariate logistic regression model containing the same risk factors.
RESULTS
Of 2,094 colonoscopies performed between July 1, 1988 , and March 1, 1991, 973 subjects were eligible to participate in the study. Of these, 161 (16.5 percent) declined to be interviewed, and 130 (13.4 percent) interviews were judged by the interviewer to be unreliable or incomplete. The median time between colonoscopy and interview for all subjects was 44 days, and 75 percent of all subjects were interviewed within 3 months of colonoscopy. An additional 37 subjects who completed interviews were subsequently found to be ineligible or duplicates and were also excluded. Demographic characteristics of the 375 women and 270 men remaining in the study population are shown in table 1. Cases and controls were similar with respect to sex, body mass index, race, marital status, and education, although cases tended to be slightly older than controls. All analyses that follow are adjusted for age as well as other potential confounders listed above. Subsequent analyses also excluded nine men and 15 women for whom body mass index data were missing. Indications for colonoscopy were similar between cases and controls. For both groups, the most frequent indications for the procedure were evaluation of gastrointestinal bleeding or anemia (4, 24) .
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Estimated adjusted odds ratios by quartile of intake in women for each of the micronutrients are shown in negatively associated with adenoma risk as well, with women in the upper three quartiles of vitamin A intake at consistently lower risk of developing adenomas; however, there was no monotonic trend of decreasing odds ratios with increasing levels of vitamin A intake. Neither calcium nor vitamin E showed consistently inverse associations in any of the upper three quartiles of intake compared with the lowest quartile in women.
Micronutrients also appeared to be protective in men, although the micronutrients with the greatest effects differed slightly from those in women (table 3) . Vitamin E, calcium, and iron showed steady but nonsignificant trends of decreasing risk for developing adenomas with increasing levels of intake. Men in the highest quartile of vitamin E intake had a risk of 0. If we had assumed equidistance between consecutive quartiles, p values for trend would have been 0.08 for vitamin E and 0.20 for iron in men; but these would not have taken into account the large differences in intake between the third and fourth quartiles.
Although risk also decreased with increasing levels of vitamin A and vitamin C intakes, estimated odds ratios for each of these two micronutrients suggested an elevated risk for the second and third quartiles compared with the bottom quartile. Only men in the highest quartiles of vitamins A and C intake appeared to have a slight reduction in risk. Contrary to the findings in women, folate intake in men did not appear to affect risk for developing adenomas. We selected folate for additional evaluation in women because it appeared to be the most strongly associated with risk and because it was the focus of one of our a priori hypotheses. To the model containing folate, each of the other micronutrients was added individually, and changes in the estimated odds ratios comparing highest with lowest quartiles were examined (table 4) . Folate appeared to be somewhat less protective when adjusted for each of the other micronutrients. The estimated odds ratio comparing highest with lowest levels of folate intake changed most when vitamin C was added to the model. Even adjusting for vitamin C, however, risk for developing adenomas for women in the highest quartile of folate was less than When the same procedure was applied to the model containing vitamin E for men, the estimated odds ratios comparing highest with lowest levels of vitamin E intake changed little, and the inverse association seen in the highest quartile of vitamin E remained significant (table 5) . Men in the highest quartile of vitamin E intake were roughly one fifth as likely to develop adenomas compared with men in the lowest quartile, even when each of the other micronutrients was included in the model. Except for calcium, none of the other micronutrients appeared to be associated with risk after adjusting for vitamin E.
The possibility of interaction between folate and alcohol intakes in women was examined. For this analysis, women were categorized as either drinkers or nondrinkers of alcohol, and folate intake was dichotomized at the median. These folate and alcohol terms were included in the multivariate model as well as an additional folate X alcohol interaction term. The effect of folate intake appeared to be similar across levels of alcohol intake (table 6); women with higher folate intakes were roughly 70 percent as likely to develop adenomas as those with lower folate intakes regardless of whether they drank alcohol.
Because previous work has shown some evidence of interaction between vitamin E and age (25), we also explored the possibility of effect modification of vitamin E in men by age group, using age 60 years as a cutpoint, dichotomizing vitamin E intake at the median, and including a vitamin E X age group interaction term in the multivariate model. Men younger than 60 were less likely to develop adenomas than men older than 60 regardless of their level of vitamin E intake ( When the same procedure was applied to the model containing vitamin E for men, the estimated odds ratios comparing highest with lowest levels of vitamin E intake changed little, and the inverse association seen in the highest quartile of vitamin E remained significant (table 5) . Men in the highest quartile of vitamin E intake were roughly one fIfth as likely to develop adenomas compared with men in the lowest quartile, even when each of the other micronutrients was included in the model. Except for calcium, none of the other micronutrients appeared to be associated with risk after adjusting for vitamin E.
The possibility of interaction between folate and alcohol intakes in women was examined. For this analysis, women were categorized as either drinkers or nondrinkers of alcohol, and folate intake was dichot omized at the median. These folate and alcohol terms were included in the multivariate model as well as an additional folate X alcohol interaction term. The effect of folate intake appeared to be similar across levels of alcohol intake (table 6); women with higher folate intakes were roughly 70 percent as likely to develop adenomas as those with lower folate intakes regardless of whether they drank alcohol.
Because previous work has shown some evidence of interaction between vitamin E and age (25), we also explored the possibility of effect modification of vita min E in men by age group, using age 60 years as a cutpoint, dichotomizing vitamin E intake at the me dian, and including a vitamin E X age group interac tion term in the multivariate model. Men younger than 60 were less likely to develop adenomas than men older than 60 regardless of their level of vitamin E intake ( an elevated risk for the second and third quartiles compared with the bottom quartile. Only men in the highest quartiles of vitamins A and C intake appeared to have a slight reduction in risk. Contrary to the fmdings in women, folate intake in men did not appear to affect risk for developing adenomas. We selected folate for additional evaluation in women because it appeared to be the most strongly associated with risk and because it was the focus of one of our a priori hypotheses. To the model contain ing folate, each of the other micronutrients was added individually, and changes in the estimated odds ratios comparing highest with lowest quartiles were exam ined (table 4) . Folate appeared to be somewhat less protective when adjusted for each of the other micro nutrients. The estimated odds ratio comparing highest with lowest levels of folate intake changed most when vitamin C was added to the model. Even adjusting for vitamin C, however, risk for developing adenomas for women in the highest quartile of folate was less than was associated with significantly lower risk of adenomas in older men, the risk did not decrease with more vitamin E intake among men younger than 60.
The association between regular supplement use and adenoma risk was also examined. For those who took supplements regularly, the risk for developing adenomas was 64 percent of the risk for those who did not, although the inverse association was not significant. The effect of regular vitamin supplementation appeared to be similar in women (OR = 0.64, 95 percent CI 0.36-1.14) and in men (OR = 0.70, 95 percent CI 0.36-1.34).
DISCUSSION
In our study, we found a limited number of micronutrients to be protective against colorectal adenomas. In women, only folate was inversely associated wtih adenoma risk even after adjusting for other individual micronutrients; this inverse association was observed regardless of whether women drank alcohol. Slight inverse associations remained for iron and vitamins A, E, and C after adjusting for folate. In men, vitamin E was significantly inversely related to the risk of colorectal adenomas, even after adjusting for other individual micronutrients, although this inverse association appeared to be limited only to men older than 60. Calcium also appeared to be negatively associated with adenoma risk in men when adjusted for vitamin E. No significant associations were found for any other micronutrients examined in either women or men.
When intake from diet only was considered for the six micronutrients of interest, associations were diminished. The exclusion of regular supplement users resulted in a slight decrease in power in these analyses. However, the appearance of a stronger relation of micronutrients to risk when supplemental sources were included may be attributable to the greater variation of intake levels across individuals or to the presence of a threshold effect.
Why different micronutrients appear to have different effects in women and men is not clear. The differences may result from differences in accuracy of responses concerning diet between women and men. Another possibility is that other behavioral, physiologic, or dietary factors interact with folate to alter risk between women and men. In addition, the differences across sex may be due to differences in bioavailability of the micronutrients consumed. Absorption of folate, for example, is hindered or enhanced by other factors in the diet (26) . In this study population, women may have consumed folate that was more bioavailable than did men, thus resulting in an apparently greater effect of folate in women than in men.
Two previous studies have specifically examined the association between folate intake and colorectal adenomas. Giovannucci et al. (10) , using data from the Nurses' Health Study and the Health Professionals Follow-up Study, found that adenoma risk for individuals in the highest quintile of folate intake was only 70 percent that of individuals in the lowest quintile. When vitamins A, C, and E were individually added to the model containing folate, they were not associated with risk for adenomas, whereas the inverse association of folate with risk remained significant. In a case-control study, Benito et al. (8) found that risk decreased significantly with increasing folate intake after controlling for age, sex, physical activity, and rural residence. Individuals consuming more than 222 /xg of folate per day were one fourth as likely to develop adenomas as those consuming less than 141 /xg per day. The same study also found a significant reduction in risk with greater vitamin C intake, as well as nonsignificant reductions in risk with greater intakes of vitamins A and E. However, estimates for specific micronutrients were not adjusted for intakes of other micronutrients.
It is interesting that similar results were obtained from these studies although the levels of folate intake in the various study populations differed considerably. Because most subjects consumed considerably more than the recommended daily amounts of folate (200 /xg for men, 180 /xg for women), Giovannucci et al. (10) suggest that folate intake much greater than the recommended amount may be needed to protect against the occurrence of colorectal neoplasia. The majority of our study population also consumed more than the recommended amount; median intake was 231 /xg per day for women and 285 /xg per day for men. Benito et al. (8) , however, found a significant inverse relation even though the median folate intake for their study population was considerably lower at 178 /xg per day.
Inverse associations have also been found between folate intake and colorectal cancer (27) (28) (29) . In the study by Freudenheim et al. (27) , a strong inverse association with folate was limited to cases with rectal cancer only. The studies by Freudenheim et al. (27) and Giovannucci et al. (29) found some evidence of interaction between folate and alcohol intakes, although our study did not. Generally, however, previous studies provide evidence that folate protects against development of both colorectal adenomas and colorectal cancer.
Several previous studies have also looked at vitamin E and the risk of colorectal adenomas, with differing results. Of four clinical trials including supplementation with vitamin E (30-33), only one (32) found a reduction in incidence of adenomas in individuals was associated with significantly lower risk of adeno mas in older men, the risk did not decrease with more vitamin E intake among men younger than 60.
The association between regular supplement use and adenoma risk was also examined. For those who took supplements regularly, the risk for developing adeno mas was 64 percent of the risk for those who did not, although the inverse association was not significant. The effect of regular vitamin supplementation ap peared to be similar in women (OR = 0.64,95 percent CI 0.36-1.14) and in men (OR = 0.70,95 percent CI 0.36-1.34).
In our study, we found a limited number of micro nutrients to be protective against colorectal adenomas. In women, only folate was inversely associated wtih adenoma risk even after adjusting for other individual micronutrients; this inverse association was observed regardless of whether women drank alcohol. Slight inverse associations remained for iron and vitamins A, E, and C after adjusting for folate. In men, vitamin E was significantly inversely related to the risk of colo rectal adenomas, even after adjusting for other indi vidual micronutrients, although this inverse associa tion appeared to be limited only to men older than 60. Calcium also appeared to be negatively associated with adenoma risk in men when adjusted for vitamin E. No significant associations were found for any other micronutrients examined in either women or men.
When intake from diet only was considered for the six rnicronutrients of interest, associations were dimin ished. The exclusion of regular supplement users re sulted in a slight decrease in power in these analyses. However, the appearance of a stronger relation of rnicronutrients to risk when supplemental sources were included may be attributable to the greater vari ation of intake levels across individuals or to the presence of a threshold effect.
Why different micronutrients appear to have differ ent effects in women and men is not clear. The differ ences may result from differences in accuracy of re sponses concerning diet between women and men. Another possibility is that other behavioral, physio logic, or dietary factors interact with folate to alter risk between women and men. In addition, the differences across sex may be due to differences in bioavailability of the micronutrients consumed. Absorption of folate, for example, is hindered or enhanced by other factors in the diet (26) . In this study population, women may have consumed folate that was more bioavailable than did men, thus resulting in an apparently greater effect of folate in women than in men.
Two previous studies have specifically examined the association between folate intake and colorectal adenomas. Giovannucci et al. (10) , using data from the Nurses' Health Study and the Health Professionals Follow-up Study, found that adenoma risk for individ uals in the highest quintile of folate intake was only 70 percent that of individuals in the lowest quintile. When vitamins A, C, and E were individually added to the model containing folate, they were not associated with risk for adenomas, whereas the inverse association of folate with risk remained significant. In a case-control study, Benito et al. (8) found that risk decreased sig nificantly with increasing folate intake after control ling for age, sex, physical activity, and rural residence. Individuals consuming more than 222 J-Lg of folate per day were one fourth as likely to develop adenomas as those consuming less than 141 J-Lg per day. The same study also found a significant reduction in risk with greater vitamin C intake, as well as nonsignificant reductions in risk with greater intakes of vitamins A and E. However, estimates for specific micronutrients were not adjusted for intakes of other rnicronutrients.
It is interesting that similar results were obtained from these studies although the levels of folate intake in the various study populations differed considerably. Because most subjects consumed considerably more than the recommended daily amounts of folate (200 J-Lg for men, 180 J-Lg for women), Giovannucci et al. (10) suggest that folate intake much greater than the recommended amount may be needed to protect against the occurrence of colorectal neoplasia. The majority of our study population also consumed more than the recommended amount; median intake was 231 J-Lg per day for women and 285 J-Lg per day for men. Benito et al. (8) , however, found a significant inverse relation even though the median folate intake for their study population was considerably lower at 178 J-Lg per day.
Inverse associations have also been found between folate intake and colorectal cancer (27) (28) (29) . In the study by Freudenheim et al. (27) , a strong inverse association with folate was limited to cases with rectal cancer only. The studies by Freudenheim et al. (27) and Giovannucci et al. (29) found some evidence of interaction between folate and alcohol intakes, al though our study did not. Generally, however, previ ous studies provide evidence that folate protects against development of both colorectal adenomas and colorectal cancer.
Several previous studies have also looked at vitamin E and the risk of colorectal adenomas, with differing results. Of four clinical trials including supplementa tion with vitamin E (30) (31) (32) (33) , only one (32) found a reduction in incidence of adenomas in individuals receiving vitamin E relative to those receiving no treatment Importantly, however, the longest duration of intervention in these studies was only 4 years (33) . It is possible that longer periods of consistently high or low levels of intake are necessary to produce observable effects. Among observational studies that have examined vitamin E, Giovannucci et al. (10) did not find vitamin E to affect the risk of colorectal adenomas when other risk factors including folate were controlled. Similarly, a case-control study by Little et al. (34) found no association between vitamin E intake and colorectal adenomas after adjusting for age, sex, and socioeconomic status. In a case-control study by Macquart-Moulin et al. (35) , the risk for colorectal polyps was lower for individuals with greater vitamin E intakes, although there was no consistent decrease in risk with increase in intake when age, sex, weight, and caloric intake were controlled. Benito et al. (8) also found a reduction in risk for individuals in the upper two quartiles of vitamin E intake, with those in the highest quartile half as likely to develop polyps as those in the lowest; but again, there was no consistent trend of decreasing risk with increasing intake. A consistent decrease in risk was found, however, in a study by Olsen et al. (36) ; for individuals in the highest tertile of vitamin E intake, there was half the risk of developing adenomas compared with those in the lowest tertile.
Findings from studies on vitamin E and colorectal cancer show similarly conflicting results (25, (37) (38) (39) . In a study of colon cancer in women, Bostick et al. (25) found that the inverse association between vitamin E and cancer was strong in younger age groups but attenuated among older participants, in direct contrast to our findings. However, the number of cases in our study was small after stratification on both sex and age.
Studies that have examined the effects of other micronutrients on the risk of colorectal adenomas have also shown conflicting results. Although some have found significant reductions in risk with greater vitamin C intakes (5, 8) , others have not (3, 6, 10, (34) (35) (36) . Inverse associations have also been found in some studies for iron (5), vitamin A (3, 36), and carotene (10) but not in others (3, 8, 10, 34, 35) . Findings from studies on colorectal cancer have been equally inconsistent (25, 28, 36, 37, 39) , making it difficult to draw conclusions regarding the roles of these nutrients either in the development of adenomas or in their progression to cancer. However, previous studies based on the National Health and Nutrition Examination Survey cohort have shown elevated risk of cancer with increased iron intake (40, 41) , suggesting that iron may adversely affect progression of adenomas to carcinomas (15) .
Such inconsistent findings are due in part to the difficulties inherent in isolating the effects of individual nutrients and in disentangling the effects of numerous and interrelated dietary factors. Moreover, for micronutrients such as folate and iron, the proportion of reported intake that is actually absorbed is highly variable, depending on cooking methods or on other factors in the diet that enhance or inhibit their absorption. Certainly, the possibility of findings due to chance also cannot be excluded, especially given the large number of micronutrients investigated in this and other studies. Measurement of dietary exposures is problematic as well, because of its reliance on possibly inaccurate recall of past diet.
The results of this study may be further Limited by possible confounding by other factors not measured in our questionnaire, such as use of aspirin or nonsteroidal antiinflammatory drugs, recently found to be associated with decreased risk of colorectal neoplasia (42) (43) (44) . In addition, because all subjects were referred for colonoscopy, controls may have been more similar to cases than the general population, possibly resulting in a conservative bias. Finally, because subjects had been referred for colonoscopy for a variety of indications, detection bias is also possible. However, indications for colonoscopy were similar between cases and controls, lending support to the conclusion that most adenomas are asymptomatic and hence serendipitous findings at colonoscopy (45) .
Other features of this study add to its strength. First, adenomas were used as the outcome of interest. Because adenomas are generally asymptomatic, subjects were probably less Likely to alter their diets in response to their disease status. Accordingly, their responses to the dietary questionnaire more Likely reflected their usual dietary intakes. A second strength of our study is that all subjects-cases as well as controls-underwent full colonoscopy. Patients who did not receive full colonoscopy were excluded to avoid possible misclassification of cases whose polyps may not have been detected because the entire colon was not examined. Furthermore, because adenomas are common, confirming the absence of adenomas in the control population was important to reduce misclassification of cases as controls. Finally, a third strength of this study is that intake of several micronutrients was assessed from both diet and supplements, thus capturing both major sources of micronutrient intake.
In conclusion, our study presents evidence that certain micronutrients may protect against development of colorectal adenomas. Whether diet alone can furnish enough micronutrients to have a substantially receiving vitamin E relative to those recelvmg no treatment Importantly, however, the longest duration of intervention in these studies was only 4 years (33). It is possible that longer periods of consistently high or low levels of intake are necessary to produce observ able effects. Among observational studies that have examined vitamin E, Giovannucci et al. (l0) did not fmd vitamin E to affect the risk of colorectal adenomas when other risk factors including folate were con trolled. Similarly, a case-eontrol study by Little et al. (34) found no association between vitamin E intake and colorectal adenomas after adjusting for age, sex, and socioeconomic status. In a case-control study by Macquart-Moulin et al. (35) , the risk for colorectal polyps was lower for individuals with greater vitamin E intakes, although there was no consistent decrease in risk with increase in intake when age, sex, weight, and caloric intake were controlled. Benito et al. (8) also found a reduction in risk for individuals in the upper two quartiles of vitamin E intake, with those in the highest quartile half as likely to develop polyps as those in the lowest; but again, there was no consistent trend of decreasing risk with increasing intake. A consistent decrease in risk was found, however, in a study by Olsen et al. (36) ; for individuals in the highest tertile of vitamin E intake, there was half the risk of developing adenomas compared with those in the lowest tertile.
Findings from studies on vitamin E and colorectal cancer show similarly conflicting results (25, (37) (38) (39) . In a study of colon cancer in women, Bostick et al. (25) found that the inverse association between vita min E and cancer was strong in younger age groups but attenuated among older participants, in direct con trast to our fmdings. However, the number of cases in our study was small after stratification on both sex and age.
Studies that have examined the effects of other micronutrients on the risk of colorectal adenomas have also shown conflicting results. Although some have found significant reductions in risk with greater vita min C intakes (5, 8) , others have not (3, 6, 10, (34) (35) (36) . Inverse associations have also been found in some studies for iron (5), vitamin A (3, 36), and carotene (10) but not in others (3, 8, 10, 34, 35) . Findings from studies on colorectal cancer have been equally incon sistent (25, 28, 36, 37, 39) , making it difficult to draw conclusions regarding the roles of these nutrients ei ther in the development of adenomas or in their pro gression to cancer. However, previous studies based on the National Health and Nutrition Examination Survey cohort have shown elevated risk of cancer with increased iron intake (40, 41) , suggesting that iron may adversely affect progression of adenomas to car cinomas (15) .
Such inconsistent findings are due in part to the difficulties inherent in isolating the effects of individ ual nutrients and in disentangling the effects of nu merous and interrelated dietary factors. Moreover, for micronutrients such as folate and iron, the proportion of reported intake that is actually absorbed is highly variable, depending on cooking methods or on other factors in the diet that enhance or inhibit their absorp tion. Certainly, the possibility of findings due to chance also cannot be excluded, especially given the large number of micronutrients investigated in this and other studies. Measurement of dietary exposures is problematic as well, because of its reliance on possibly inaccurate recall of past diet.
The results of this study may be further limited by possible confounding by other factors not measured in our questionnaire, such as use of aspirin or nonsteroi dal antiinflammatory drugs, recently found to be as sociated with decreased risk of colorectal neoplasia (42) (43) (44) . In addition, because all subjects were re ferred for colonoscopy, controls may have been more similar to cases than the general population, possibly resulting in a conservative bias. Finally, because sub jects had been referred for colonoscopy for a variety of indications, detection bias is also possible. However, indications for colonoscopy were similar between cases and controls, lending support to the conclusion that most adenomas are asymptomatic and hence ser endipitous fmdings at colonoscopy (45) .
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In conclusion, our study presents evidence that cer tain micronutrients may protect against development of colorectal adenomas. Whether diet alone can fur nish enough micronutrients to have a substantially protective effect is a question that merits additional attention. Although diets rich in fruits and vegetables are generally accepted as having the greatest health benefits, it is less clear that the usual levels of micronutrients in the American diet are sufficient to greatly reduce the risk of adenomas and possibly cancer. Also questionable is the practicability of intervening in efforts toward prevention by encouraging people to modify their diets. Supplements may be more feasible, yet it is also likely that other physiologic, behavioral, and dietary factors interact with micronutrients to affect risk. Attempts to reduce risk by selecting one or even several micronutrients for supplementation may not have the anticipated results until their interactions with other factors are better understood. Sex-and possibly age-specific differences in micronutrient effects also warrant attention. Micronutrients are yet another example of how diet may affect the risk of adenomas and possibly cancer. As a modifiable factor, they comprise a potentially promising area for efforts in prevention of the disease.
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